.
Early symptoms of exposure include dizziness , weakness, headache, abdominal pain, nausea, vomiting, eye irritation, skin redness, and perspiration. A rapid, weak, or irregular heartbeat, with rapid and deep respirations, may be followed by confusion, hallucinations, stupor, coma, seizures, respiratory arrest, cardiac arrest, and death. Those who survive cyanide exposure may experience long-term effects of short-term memory loss, symptoms similar to Parkinson's disease, and the inability to return to work (ATSDR, 2007; Leybell & Hoffman, 2006; University of Minnesota, 2008; Varone, Warren, Jutras , Molis, & Dorsey, 2(06) .
Enclosed areas and poor ventilation increase absorption by inhalation and escalate the health effects of cyanide (CDC, 2004 ; University of Minnesota, 2(08). Dermal absorption and systemic toxicity occurs more readily at high ambient temperatures and relative humidities (ATSDR, 2(07) . Health effects are determined by the type, concentration, and route of cyanide exposure. Humans are able to detoxify small amounts of cyanide that have been absorbed or inhaled, the most likely routes of exposure. Effects may vary between individuals (Varone et al., 2(06) .
CYANIDE USES AND EXPOSURES
Cyanide is widely used. Although potential exposures abound, occupational poisoning is rare, with the exception of firefighting. The combustion of plastics, polyurethane, foam, synthetic textiles, polyacrylonitrile, polyamide, urea-formaldehyde, and melamine releases cyanide , which firefighters inhale (Leybell & Hoffman , 2006; Varone et al., 2006 ). Cyanide's properties are relied on for electroplating, mining , metal refining, metallurgy, jewelry making , auto body repair, printing, photographic developing, x-ray film recovery, pharmaceuticals, chemical production, cosmetics, fumigation, and university laboratory research (ABO Pharmaceuticals, 2008; Environmental Protection Agency [EPA], 2007; Leybell & Hoffman, 2006; Varone et al., 2(06) . Car exhaust is primarily responsible for air emissions of cyanide. Chemical processing, waste incineration, and other industries contribute as well (EPA).
Cyanide has been associated with disasters. In 1984, thousands of deaths occurred at the Union Carbide plant in Bhopal, India , due to the release of 40,000 pounds of methyl isocyanate. This cyanide preparation, used in the manufacture of pesticides, erupted as a gas from a 15,OOO-gallon holding tank (Casey, 1998 (Hirst, 2004; Leybell & Hoffman, 2006) . Since 1924, cyanide gas has been used in the United States for the execution of criminals on Death Row (Death Penalty Information Center, 2008) .
Smoking is considered a significant source of cyanide intake for those who are not exposed occupationally (CDC, 2004) . Various forms of cyanide occur naturally and often harmlessly in more than 2,600 species of plants. Cyanide exists in pitted fruits, nuts, beans, and grasses (ABO Pharmaceuticals, 2008; University of Minnesota , 2008; Varone et aI., 2006) .
The National Institute for Occupational Safety and Health'has set the "immediately dangerous to life or health" (IDLH) level at 50 ppm of cyanide. The emergency response planning guideline level of 10 ppm is the level at which nearly all individuals could be exposed for up to I hour without experiencing irreversible or serious effects impairing self-rescue 
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ACTIONS EXPECTED OF EMPLOYEES INTHE EVENT OF AN EMERGENCY
Sensors detect concentrations in the air and are set to activate at 8 ppm of cyanide gas. Employees are prohibited from silencing or ignoring alarms. Employees must evacuate the area if sensors are activated. The safety factor built into the alarm settings allows a 3D-second visual sweep of the electroplating room to evaluate spills, bath temperature, and whether victims exist. Increased ventilation may be achieved by opening doors and moving victims outside , if possible . Unconscious victims close to cyanide baths are assumed to be affected by cyanide.
Although skin absorption via splashing may produce systemic toxicity, symptoms are self-limited and the individual is likely to be able to take a shower and move to fresh air. Inhalation of cyanide gas is more likely than ingestion or skin absorption to cause acute and life-threatening effects. Those who rescue victims of inhalation are not at risk for contamination.
The first responder must call 911, relating the suspicion of cyanide exposure and the observed status of any victims. If 911 is nonresponsive, National Poison Control (1-800-222-1222) or the CDC Public Response Hotline (1-800-232-4636 ) must be contacted. Both offer helpful advice to first responders until additional assistance arrives.
RESCUER SAFETY
Those rescuing unconscious victims must don positive pressure, self-contained breathing apparatus (SCBA), protective clothing, and butyl gloves. When disposing of contaminated clothing and other articles, rescuers should invert a plastic bag over them, pulling the items into the bag and sealing it. Double bagging is necessary to protect others from further contact hazard. Also, rescuers must avoid contact with victims' skin and vomitus.
FIRST AID
Victims must be assessed for airway, breathing, circulation, and other injuries such as spinal injuries due to falls. Weak or unconscious victims must be quickly moved to fresh air or a shower. Victims' contaminated clothes must be removed while being sprayed with water, which is followed by soaping and rinsing cycles. Decontamination, oxygen administration, and antidote administration may be conducted simultaneously for unconscious victims, although decontamination is not necessary for gas exposure without eye irritation. Irritated eyes must be irrigated and contact lens removed. Vomiting should not be induced among victims of ingestion (ATSDR, 2007) .
Coworkers are directed to assist by taking first aid equipment to the scene but remaining outside of the hot zone of cyanide exposure. Signs posted where first aid equipment is stored instruct employees regarding items to retrieve (i.e., oxygen with mask, bag valve mask or ambu bag, airways, cyanide antidote kit, bloodborne pathogen protective gear, absorbents, backboard, neck support, and shock blanket).
Cyanide antidote kits available in the United States contain three medications: amyl nitrite inhalants, injectable sodium nitrite, and injectable sodium thiosulfate. Trained lay responders administer amyl nitrite inhalants by breaking them open and placing them under the mask or in front of victims' nose and mouth, alternating 15 seconds on and IS seconds off and using a new inhalant every 3 minutes. Continuous use of amyl nitrite interferes with oxygenation. Victims who stop effective breathing require mechanical assistance with the non-rebreather mask and ambu bag. Sodium rutnte is injected first and must be immediately followed by sodium thiosulfate for potentiation of effects. Sodium nitrite reacts with hemoglobin to form methemoglobin, which removes cyanide ions from tissues and forms less toxic cyanmethemoglobin . Sodium thiosulfate uses an enzyme to convert cyanide to thiocyanate. These intravenous injections are highly effective when used together, even after respirations have stopped (Elliott, 1997; Leybell & Hoffman, 2006) .
Cyanide antidote kits include syringes, needles, and a tourniquet. A gastric tube is also included to enable gastric lavage of ingested cyanide. Lavage may be performed by an occupational health nurse concurrently, but administration of the intravenous medications must not be delayed (ABO Pharmaceuticals, 2008) .
In 1996, the United Kingdom's Health and Safety Executive (HSE) published revisions to its 1990 Approved Code of Practice on First Aid at Work. The main manufacturer of cyanides in the United Kingdom collaborated with the HSE, claiming more practical experience treating cyanide poisoning than any other organization in the United Kingdom. Their revised recommendations parallel the Material Safety Data Sheet first aid guidelines established for cyanide poisoning. Support of oral antidotes was dropped due to cost, limited shelf life, and inappropriate use. Scientific evidence does not support the use of amyl nitrite inhalants. Preexisting health conditions, the propensity for abuse, the need for a prescription and storage as a controlled substance, and limited shelf life were cited as reasons for no longer recommending amyl nitrite, but employers are permitted to maintain a supply if their risk assessment indicates the need. Injectable dicobalt edetate, once required in the United Kingdom, was also made optional based on instances of inappropriate use and harm. The HSE no longer recommends any antidote as first aid for cyanide poisoning, and does not require employers to stock antidotes. Mechanical resuscitation and oxygen JULY 2008, VOL. 56, NO.7 SAFETY SOLUTIONS administration are considered more critical steps for first responders (Elliott, 1997) .
Standard follow-up includes intensive cardiac, respiratory, and neurological monitoring and support. Cyanide toxicity remains life-threatening for hours following exposure. Victims are discharged after they have been stable for a few hours, and neurological evaluation follows in 7 to 10 days (Leybell & Hoffman, 2006) .
EMPLOYEE TRAINING
Physical separation of acids and water from cyanide compounds must be maintained. Employees must use designated storage locations. Local exhaust ventilation of chemical storage, use, and waste areas must be verified and maintained. Chemical containers must remain closed except when adding or removing contents. Container and tank integrity must be inspected weekly. Methods that avoid splashes and spills must be used when transferring chemicals. Spill precautions must be continuously observed.
Routine work with debilitated cyanide preparations requires minimum personal protective equipment including butyl gloves, protective clothing, and eye protection (glasses with side shields, glasses with goggles, or goggles with face shields, depending on the particular hazards). This equipment should be used whenever the possibility of contact exists. A tight-fitting mask with organic vapor cartridges must be worn during remediation for a small spill of a debilitated solution. The addition of SCBA with supplemental oxygen is necessary for a large spill or a more concentrated solution approaching permissible exposure limits. Materials used for remediation and other contaminated items are disposed of as hazardous waste.
The electroplating operators, chemical handlers, members of the hazardous spill team, and waste storage attendants must receive training. A cyanide response class should be included with the first aid team's standard classes in first aid, cardiopulmonary resuscitation, automated external defibrillator use, oxygen administration, and disease transmission prevention. An invitation to community responders with the provision of cyanide antidote kits is also warranted. Maintenance employees should be included in the training to increase their understanding of the importance of maintaining ventilation, emergency eyewash and showers, material handling and chemical transfer equipment, and chemical sensors. Spill remediation supplies and personal protective equipment must be maintained in ready-to-use condition.
LESSONS LEARNED
Because the events of the opening scenario defied explanation, the building was evacuated and ventilated. Hours later, a contractor admitted to turning off a roof fan for a few seconds while completing unrelated work. The reduced ventilation increased the concentration of fumes and vapors over the adjacent tanks containing cyanide. By the time the operators reached the display panel outside of the room, the fan had been restarted and the air had been exhausted.
The employees were apprised of the cause and reassured bye-mail and departmental announcements that the sensors and alarms had performed as intended. The alarm had not been falsely activated. The need to heed emergency alarms was emphasized. Maintenance employees, operators, safety personnel, and chemical engineers reviewed the conditions that could lead to sensor activation and the remedies for each. The 45-minute evacuation and lost production underscored the importance of contractor training and additional signage on the roof fans.
